In this study, 45 ambient samples were collected in the summer of 2011 and spring of 2012 on Mount Lushan. The concentrations and seasonal distributions of aromatic hydrocarbons and halocarbons were measured and discussed. Moderate concentrations of individual species were found compared with other mountain sites; however, the measured concentrations were much lower than the values reported in cities. For aromatic hydrocarbons, benzene and m/p-xylene were the most abundant species in the spring, while benzene and toluene exhibited the largest contributions in the summer. For halocarbons, the concentrations of 1,2,4-trichlorobenzene, dichlorodifluoromethane and chloromethane were higher than other gases measured in the spring; and dichlorodifluoromethane and chloromethane contributed largest in the summer. The OH loss rates demonstrated that 1,3,5-trimethylbenzene and 1,2,4-trimethylbenzene were the dominant aromatic hydrocarbons for OH loss rates in the spring, while styrene and toluene contributed the largest to reactivity in the summer. For the ozone formation potential (OFP), 1,2,4-trimethylbenzene and m/p-xylene accounted for the largest fraction of the OFPs in the spring (24.3% and 23.7%), while toluene was the most abundant source of OFP (i.e., 43.7%) in the summer. M/p-xylene exhibited large contributions to OFP in both spring and summer (23.7% and 19.2%) of the OFPs. The T/B (0.80 and 0.73 in spring and summer respectively) ratios indicated that the sampled air masses were primarily influenced by automotive emissions. The 36-h backward trajectories of the sampled air masses and the corresponding daily concentrations of individual species suggested that long-range transport had a large effect on the atmosphere at the sampling site.
INTRODUCTION
Mount Lushan is located in southern China with an altitude 1165m. The development of tourism and related industries, including restaurants and painting, has produced additional pollutants at Mount Lushan in recent decades. In recent years, the problem of air quality has become a major concern (Sun et al., 2010) . Aromatic hydrocarbons and halocarbons significantly contributed to the air pollution and OH loss in the atmosphere which can generate secondary pollutants and photochemical smog (Volkamer, Jimenez et al., 2006) . Aromatic hydrocarbons and halocarbons are two important categories of volatile organic compounds that are typically emitted from both biogenic and anthropogenic sources. However, it is challenging to define and identify a general source for these compounds because there are numerous types of compounds and abundant emitted sources most aromatic compounds are released into the air and react rapidly with OH and can participate in the formation of photochemical smog in the presence of nitrogen oxides. Hence, the abundance and speciation of aromatic hydrocarbons in the atmosphere significantly affects the ambient atmospheric chemistry (Monod et al., 2001) . It has also been reported that O 3 chemical production can be influenced by the concentrations of volatile organic compounds, and different species (e.g., aromatics) have different contributions to the ozone photochemical formation. Thus, identification of the emission sources of these species and their contributions to ozone formation are a crucial issue for the development of an effective O 3 control strategy (Tang et al., 2007 (Tang et al., , 2008 . The reaction products from the atmospheric oxidation of individual species include potential toxic and mutagenic compounds, such as aromatic aldehydes, dicarbonyls and secondary organic aerosols (Kwok et al., 1997 , Kleindienst et al., 1999 . Secondary pollutants, such as ozone that is generated in photochemical reactions are often more toxic than their precursor compounds. Therefore, it is important to accurately determine the atmospheric concentrations of the aromatic hydrocarbons. It is also important to identify primary sources and contributions of various aromatic hydrocarbons to ozone formation potential in the atmosphere. Ratio analysis was used to identify the emission sources of aromatic hydrocarbons and halocarbons in this study. In addition, detailed speciation and quantification of the measured species in the atmosphere are also necessary. In this study, two common methods, OH loss rate and the ozone formation potential, are used to estimate the reactivity of aromatic hydrocarbons in the atmosphere.
China is one of the most important halocarbon emitters in the world and they are of vital concern due to their toxicity and key role in ozone layer deleption and global warming. Since 1970s, halocarbons have been comprehensively studied in different countries around the world due to their association with global environmental effect, including chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs) and other halocarbons. During the implementation of the Montreal Protocol, national and regional levels of emission inventories around the world have been established to examine and predict the influence of control policies on the environment (Handl 1997; Chang et al., 2001) . The measured concentrations of halocarbons are actually the result of emission sources and physical or chemical transformations, thus field measurements are important and Mount Lushan was selected in this research. Halocarbons (methyl iodide, bromoform and dibromomethane) are produced naturally and the source has been found to be largely from the ocean (Sentian et al., 2015) , and they can be transported into the boundary layer and troposphere where they take part in ozone depletion (Montzka et al., 1996; Simpson et al., 2007) . CFCs were widely introduced in refrigeration (CFC-12, HCFC-22), airconditioning, foam blowing (CFC-11, CFC-22) and industrial solvent applications especially.
While many studies focused on concentrations of halocarbons in urban area and emission sources from the sea, only a few studies have focused on concentrations of halocarbons in high mountains. Pollutants emitted into the atmosphere disperse regionally and can be transported to remote places through atmospheric transport, and the influence of long-range transport is analyzed in this study. High mountains are frequently considered as the most pristine continental areas on Earth (Arellano et al., 2011) . Thus, the concentrations and distributions of aromatic hydrocarbons and halocarbons measured at high mountain sites can provide valuable information regarding long-range transport, which can assist in understanding the effects on the ambient concentrations and distributions.
Recent studies regarding aromatic hydrocarbons and halocarbons have focused on average mixing ratio analysis (Barletta et al., 2005; Liu et al., 2012) receptor modeling, emission sources (Yurdakul et al., 2013; Sindelarova et al., 2014) and reactivity or the ozone formation potential (Suthawaree et al., 2012) in urban areas, especially in developed regions, such as Beijing, Shanghai and the Pearl River Delta Region. Few studies regarding the concentration characteristics and distributions have been conducted in remote and high-altitude locations, such as high mountain sites. In order to understand the concentration levels, photochemical reactions and emission sources of the aromatic hydrocarbons and halocarbons at high-altitudes in northern China, the measurement of the compounds was essential. This study was performed at the meteorological observation station located on the summit of Mount Lushan in northern China, which is at an altitude of 1165 m. In addition, Mount Lushan is located between the boundary layer and troposphere (free troposphere). Thus, it is an ideal site to learn the influences of the long-range transport on levels of pollutants (aromatic hydrocarbons and halocarbons in this reseach).
MATERIAL AND METHODS

Description of Sampling Site
The sampling campaign was conducted at Mount Lushan in the spring of 2012 and the summer of 2012. Mount Lushan is located in southern China (29.58N, 115.98E; Fig. 1 ) and it is a famous scenic area that attracts numerous tourists every year, which may increase pollutant concentrations in the surrounding area. As shown in Fig. 1 , the sampling site faces the East China Sea and Yellow Sea to the east and may be influenced by air masses originating from them, especially due to long-range transport from developed coastal cities which may bring pollutants from industrial processes or marine natural products, such as chloromethane or bromoethane to the site. In recent decades, the rapid development of tourism has promoted the growth of related infrastructure, which has increased the pollutant concentrations. Most of the residents who have settled in the town of Guling, which is a local town that is located near the study site at the top of Mount Lushan, work in tourism or related services, which also enhance local pollution. Therefore, the air masses that were sampled at the Mount Lushan may contain a mixture of pollutants due to the both local sources and the long-range transport of pollutants.
The sampled air masses originated primarily from the northwest direction in the spring, while the northeast direction was dominant during sample collection in the summer based on the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model. Most industries such as the Lushan Small and Middle Innovation Service Center in the northwest and small and moderate-sized factories are located to the north and northwest of Mount Lushan; therefore, air masses can be transported to the site and increase the concentrations of the measured species (see Fig. S1(a) ). In addition, traffic exhaust is an important source of the measured pollutants, especially aromatic hydrocarbons, which may be influenced by air masses originating from the south or southwest of the study site, which corresponds to a region with numerous highways (see Fig. 1(b) ).
Sampling
The sampling campaign was conducted in the summer of 2011 (from August 17 to September 23) and the spring of 2012 (from March 21 to May 18) at Mount Lushan. Sampling and analysis were based on the USEPA methods TO-14 and TO-15. The ambient air samples were collected in fused silica-lined stainless steel vacuum canisters (SUMMA); the canisters were 3.2 L and 6 L in volume. Before collecting samples, the canisters were evacuated to < 100 mtorr and pressurized to 20 psi with humid nitrogen in three cycles using a Canister Cleaner 3100. Most of the targeted compounds had good recoveries of more than 87% over 30 days. Samples were collected during periods of 3 h to 9 h. The flow rate was controlled by a valve and the sampling was conducted every day from 9:00 to 16:00 except on very rainy and/or foggy days. The canisters were ultimately analyzed in the laboratory within 30 days.
Analysis
Aromatic hydrocarbons and halocarbons were preconcentrated using an Entech7100 pre-concentrator and analyzed using a GC-MS system (GC/MS QP 2010). A total of 39 species were detected in this research. For the GC-MS system, 500 ml of air with a flow rate of 100 mL min -1 was concentrated when passing through the instrument. The air samples were mixed with internal standards and pumped into the pre-concentrator using a three-stage cryotrap (Module 1-3). First, the air samples were concentrated using a glass bead trap (module 1), which was maintained at -150°C using liquid nitrogen. Then, the samples were recovered by desorbing at 10°C to leave most of the liquid water behind in the first trap. The trapped analytes were subsequently baked at 150°C for 5 min and transferred to module 2. The second cryotrap was maintained at -30°C, which permitted the trapped compounds to pass through to leave the carbon dioxide behind. The concentrated components were again desorbed at 180°C for 2.5 min and subsequently concentrated at the cold top of the capillary column in Module 3, which was cooled to -160°C using liquid nitrogen. Finally, the highly concentrated compounds were rapidly desorbed at 180°C and swept into the column for separation and analysis. The schematic of the preconcentration system is displayed in Fig. S2 . Helium (99.999%) was used as the purge gas for the cryogenic preconcentrator and carrier gas for the GC. The chromatographic conditions were as follows. A DB-624 column (60 m × 0.32 mm × 1.8 µm) with an injection split ratio 30: 1 was used. The column oven temperature was held at 35°C for 5 min initially, increased to 150°C at a rate of 5°C·min -1 , and finally raised to 220°C at a rate of 15°C·min -1 for 20 min. The column flow was 1.6 mL min -1 . The ionization source temperature and interface temperature was 200°C and 250°C, respectively.
The internal standards were bromochloromethane (used to quantify dichlorodifluoromethane, dichlorotetrafluoroethane, chloromethane, chloroethylene, bromomethane, chloroethane, dichloromethane, trichlorofluoromethane, 1,1-dichloroethene, trichlorotrifluoroethane, 1,1-dichloroethane, cis-1,2-dichloroethene, chloroform and 1,1,1-trichloroethane), 1,4-difluorobenzene (used to quantify tetrachloromethane, benzene, 1,2-dichloroethane, trichloroethylene, 1,2-dichloropropane, cis-1,3-dichloro-1-propene, toluene), chlorobenzene-d5 (used to quantify trans-1,3-dichloro-1-Propene, 1,1,2-trichloroethane, chlorobenzene, tetrachloroethylene, 1,2-dibromoethane, ethylbenzene, m/p-xylene) and 3-bromofluorobenzene (used to quantify o-xylene, styrene, 1,1,2,2-tetrachloroethane, 1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,2-dichlorobenzene, 1,2,4-trichlorobenzene, hexachloro-1,3-butadiene). Internal standard gases were added to each sample before analysis to trace the analytical procedure. The final concentrations of the internal standards in the canisters were 2.04 ppb, 2.06 ppb, 2.08 ppb and 2.04 ppb, respectively.
Each target species was identified according to its retention time and m/z based on USEPA standard gases and the analysis was conducted under the SIM mode. The target compounds were quantified using the internal standard method with multi-point standard curves; the four compounds (bromochloromethane, 1,4-difluorobenzene, chlorobenzened5 and 3-bromofluorobenzene) were used as internal standards for calibrating the analytical system. The correlation coefficients of the curves, which ranged from 0.900 to 1.000, demonstrated that the integrated areas of peaks were proportional to the concentrations of the target compounds.
HYSPLIT Model
The HYSPLIT (Hybrid Single-Particle Lagrangian Integrated Trajectory) is a useful air trajectory model for studying the long-range transport of air masses (Mao et al., 2009; Cheng et al., 2010; Zhang et al., 2014) . The model is used for computing simple air parcel trajectories and complex dispersion and deposition simulations. The intial development was a result of a joint effort between NOAA and Australia's Bureau of Meteorology (http://www.arl. noaa.gov/HYSPLIT_info.php). The model is designed for quick response to atmospheric emergencies, diagnostic case studies, or climatological analyses using previously gridded meteorological data (Draxler and Hess, 1998) .
Back-trajectory analysis is useful for determining the probable routes of pollutant transport to a receptor site, especially for a high-elevation site, and has been widely adopted in investigations of the influence of atmospheric transport on pollutants. 72-h backward trajectories were computed to elucidate possible routes of pollutant transport and the back trajectories were recorded every 6 h. The air masses were categorized into four categories based on the primary direction of movement near the study site, namely northeast (NE), northwest (NW), southwest (SW) and southeast (SE).
RESULTS AND DISCUSSION
General Characteristics of Aromatic Hydrocarbons and Halocarbons
Characteristics of Aromatic Hydrocarbons
A total of 13 samples was collected in the summer of 2011 (from August 17 to September 23), while 32 samples were collected in the spring of 2012 (from March 21 to May 18). Nine species of aromatic hydrocarbons and thirty halocarbons were measured in the samples collected on Mount Lushan during the monitoring period. The distributions of individual aromatic hydrocarbon concentrations are listed in Table 1 and the contributions of individual compounds to the total are displayed in Fig. 2 . For the sampled aromatic hydrocarbons, benzene and m/p-xylene were the most abundant compounds in spring, with average concentrations of 0.42 ppb and 0.39 ppb, accounting for 18.3% and 17% of the total concentrations, respectively, while the dominant compounds were benzene and toluene in summer, with average concentrations of 1.15 ppb and 0.87 ppb, accounting for 46.1% and 34.7%, respectively. Specifically, benzene and toluene contributed more than 80% of the total in summer while these two compounds contributed only 33.8% in the spring. Furthermore 1,3,5-TMB and 1,2,4-TMB contributed the least in the summer with only 0.6% and 1.3% respectively. The increase in photochemical reactions in summer caused by the presence of stronger sunlight led to lower concentrations of 1,3,5-TMB and 1,2,4-TMB in summer (Lee et al., 2002, Filella and Penuelas, 2006) . Besides, most of the air samples collected in spring were from the northwest where many factories were located as shown in Fig. 1 which explained higher concentrations of individual aromatics except benzene and toluene in spring. The total concentrations of aromatic hydrocarbons was 2.32 ppb in spring, nearly equivalent to the concentrations measured in the summer (i.e., 2.64 ppb).
Due to the small number of samples collected in the summer of 2011, only samples collected in the spring were used for comparisons in this study. For aromatics, comparisons of individual species with other sampling sites are shown in Table S1 . The total aromatic concentration measured on Mount Lushan was 2.32 ppb. This value is slightly higher than the result reported on Mount Tai (1.58 ppb) (Mao et al., 2009) , which is located to the east of the North China Plain, and lower than that reported for Gongga Mountain (2.75 ppb) in southeastern Sichuan Province and Dinghu Mountain (5.75 ppb) in Guangdong Province (Tang et al., 2007) . The concentrations measured on Mount Lushan are much higher than those reported on Mount Wuyi (0.47 ppb) and in the Greater Higgnan Mountains (0.59 ppb) set as background sites. Moreover, the concentrations measured on Mount Lushan are much lower than those from urban areas, such as Beijing (11.03 ppb) (Wu et al., 2010) . The average concentration of 1,3,5-TMB was 0.24 ppb at Mount Lushan, close to that in Beijing with 0.29 ppb; 1,2,4-TMB concentration was 0.36 ppb, lower than that in Beijing with 0.72 ppb, while close to that in Gongga Mountain (0.39 ppb). Concentrations of BTEX were higher than the background sites Mount Wuyi (0.47 ppb) and in the Greater Higgnan Mountains (Lyu et al., 2013) was measured at moderate levels compared with other high mountain sites.
Characteristics of Halocarbons
The concentration distributions of halocarbons are listed in Table 1 . The most abundant halocarbons were 1,2,4-trichlorobenzene, dichlorodifluoromethane and chloromethane in the spring, with average concentrations of 1.20 ppb, 0.54 ppb and 0.51 ppb, respectively, while the dominant compounds were chloromethane and dichlorodifluoromethane in the summer, with average concentrations of 1.71 ppb and 0.74 ppb, respectively. The concentrations of individual halocarbons varied from 0.06 ppb to 1.20 ppb in the spring and from 0.01 ppb to 1.71 ppb in the summer. Four common chlorofluorocarbons (CFC) were measured in this study, including trichlorofluoromethane (CFC-11), dichlorodifluoromethane B e n z e n e T o lu e n e E th y lb e n z e n e m /p -X y le n e o -X y le n e S ty r e n e 1 , (CFC-12), trichlorotrifluoroethane (CFC-113) and dichlorotetrafluoroethane (CFC-114); comparisons of selected halocarbons with measurements from other mountain sites are listed in Table 2 . The comparison is limited to only a few halocarbons due to the lack of data for other mountain sites. CFCs were widely used in refrigeration, air-conditioning, foam blowing and industrial solvent applications (Kim et al., 2011) . The chemical stability and high volatility of CFCs allow these compounds to remain in the atmosphere for a long time once released and to gradually diffuse into the stratosphere Rowland, 1974, Kim et al. 2011) . The long lifetimes of the four halocarbons measured in this study were estimated using various methods; typical estimates for their lifetimes are 43-186 years (Martinerie et al., 2009) . Hence, the concentration distributions of longlived CFCs are influenced by the interactions among emission sources, long-range transport and chemical losses into the atmosphere. The CFC concentration distributions were approximately equal in spring and summer due to their long lifetimes and thorough atmospheric mixing as well as the four species being emitted from anthropogenic sources (Seinfeld and Pandis, 2006) . As shown in Table 2 , the CFC concentrations measured in this study are generally higher than those reported for background sites on Mount Wuyi and in the Greater Higgnan Mountains (Lyu et al., 2013) . According to Montreal Protocol, a small quantity of CFCs is still used in China, and Mount Lushan is located in the free troposphere where long life-time CFCs existed , which accounted for higher concentrations of CFCs than the background sites. The concentration of CFC-113 was 0.13 ppb, which is higher than that measured on Mount Tai (Mao et al., 2009) and Gongga Mountain (0.09 ppb) , while the concentration of CFC-11 measured herein was nearly equal to that at the other mountain sites. However, the concentration of CFC-114 was substantially higher than that measured at Gongga Mountain (0.02 ppb).
Concentration of trichloromethane (0.23 ppb) was higher at Mount Lushan than that reported at Mount Tai (0.05 ppb) (Mao et al., 2009) and Gongga Mountain (0.20 ppb) , but lower than Mount Wuyi (0.34 ppb) and Greater Higgnan Mountains (0.39 ppb) (Lyu et al., 2013) . The dichloromethane concentration was 0.38 ppb, which is similar to that measured on Mount Tai (0.30 ppb) and in the Greater Higgnan Mountains (0.31 ppb). Dichloromethane is produced during biomass burning and from anthropogenic combustion, and solvent evaporation during cleaning processes (Mao et al., 2008) . The chloromethane concentration was 0.51 ppb, which is much higher than that measured in the Greater Higgnan Mountains (0.01 ppb) and on Mount Wuyi (0.22 ppb) (Lyu et al., 2013) . However, this concentration is lower than the value reported from Gongga Mountain with 0.62 ppb . The main reason for this may attributed to Mount Lushan being located nearer to the sea than the other sites. The primary natural sources of chloromethane and bromomethane are oceanic processes ; the daily concentration variations of chloromethane and bromomethane are displayed in Fig. S3 . The concentration of these two compounds showed similar temporal variation, indicating that most of the chloromethane and bromomethane sampled at the mountain site were emitted from the same source, most likely ocean emissions transported to the site through atmospheric advection. TCE was primarily used as solvents and degreasing in a wide Mao et al., 2009. b Zhang et al., 2014. d Lyu et al., 2013. variety of industrial manufacturing and chemical processes (Lee et al., 2014) . As indicated above, the Lushan Small and Middle Innovation Service Center in the northwest, which includes many small and moderate-sized factories, such as glass fiber plants, auto part manufacturers, pharmaceutical factories and other industries which may all release TCE and influence Mount Lushan. The other selected halocarbon concentrations exhibited moderate concentrations compared with other mountain sites.
Measures of Aromatic Hydrocarbon Contributions to Potential Ozone Formation
The OH loss rate (L OH ) and the ozone formation potential (OFP) were calculated in this study to quantify contributions of the measured aromatic hydrocarbons to potential ozone production. As the majority of the halocarbons are longlived, they are not considered for their contributions to ozone OH loss rates and OFP. Only OH losses of aromatic hydrocarbons are calculated herein. The OH loss rate (L OH ) is frequently used to estimate the initial peroxy radical (RO 2 ) formation rate, which is the key step in ozone formation in air pollution processes (Carter, 1994 . The approach does not account for all chemical processes; however, the method provides a simple way to assess the relative contribution of individual species to photochemical reactions (Goldan et al., 2004) . The contribution to OH loss rates L OH can be calculated as
The coefficient k i OH represents the rate constant of individual species at 298 k and 1 atm, while c i represents the ambient concentration of individual species. The values of k i OH for the individual species were published by Atkinson (Atkinson and Arey, 2003) ; these values have been used in many studies (Seinfeld and Pandis, 2006, Liu et al., 2008b) . The L OH values for individual aromatics and their contributions to the overall L OH are shown in Fig. 3 . Not all of these species with higher concentrations had larger contributions to OH loss. In the spring, the total contribution of benzene, toluene and ethylbenzene to OH loss was only 4.9%, while they represented 42.0% of the total ambient concentration. 1,3,5-TMB, 1,2,4-TMB and styrene provided the largest contribution to OH loss, accounting for more than 72.0% of the overall L OH , while their concentrations contributed only 33.6% of the total. The three xylene isomers contributed approximately 19.6% to OH loss, which was comparable with their total contribution to the total concentration. Therefore the largest contributors to the reactivity of aromatics were 1,3,5-TMB, 1,2,4-TMB and styrene, indicating that they were important precursors of ozone at Mount Lushan in the spring. However, the results are drastically different for the summer measurements. Styrene provided the largest contribution to OH loss, accounting for 28.5%, while it accounted for only 3.6% of the total ambient concentration. The contributions of toluene and ethylbenzene to the total concentration were 34.7% and 5.1%, respectively, which were comparable with the fractions (27.0% and 4.9%) of the overall L OH . 1,3,5-TMB and 1,2,4-TMB accounted for small fractions of L OH , which were very different from the percentages found in the spring. In contrast, benzene provided the most contribution (46.1%) to the total concentration; however, it only contributes a small fraction (7.8%) of the overall L OH . Benzene and toluene contributed largest to the photochemical reactivity of the aromatics in the summer at Mount Lushan.
Therefore, together with 1,3,5-TMB, 1,2,4-TMB and styrene played a predominant role in the photochemical reactions in spring. Xylenes played a smaller roll in OH loss due to their low concentrations, while benzene, toluene and ethylbenzene contributed the least (4.8%) to the total OH loss. In the summer, toluene and styrene exhibited a large contribution to OH loss (55.5%) and o-xylene played only a minor role (1.8%) in the total OH loss. The results demonstrate that OH loss was more pronounced in the spring than that in the summer due to the higher aromatic concentrations. Different aromatics contributed to ozone formation or photochemical reactivity differently. Styrene was the largest contributor to OH loss at Mount Lushan in spring and summer.
The OFP is frequently used to assess the roles of species B e n z e n e T o l u e n e E t h y l b e n z e n e m / p -X y l e n e o -X y l e n e S t y r e n e 1 , 3 , 5 -T M 
Concentration (ppb)
Aromatics ( in the process of ozone formation and to estimate the contribution to photochemical ozone formation (Carter 1994; Zheng et al., 2009) . The OFP of an individual species can be calculated as follows:
The constant MIR i is the maximum incremental reactivity for each individual species i, which was obtained from (Carter 2009 ). The total OFP is the sum of the OFP of all individual species measured in this study. The OFP of each individual species and their contributions to the total OFP are depicted in Fig. 4 . Again, not all of the species with higher concentrations had higher OFPs and exhibited larger contributions to the total OFP. In spring, 1,3,5-TMB and 1,2,4-TMB contributed more to the total OFPs, i.e., 21.6% and 24.3%, respectively, even though these compounds only accounted for 10.3% and 15.3% of the total concentration. Benzene was the most abundant species, accounting for 18.3% of the total concentration; however, it only contributed 2.32% to the total OFP. M/p-xylene was the next most abundant species, exhibiting a comparable percentage of 23.7% to the total OFPs. Toluene, ethylbenzene, o-xylene and styrene exhibited smaller contributions to the total OFP due to their low concentrations. However, due to having the lowest concentrations, styrene, 1,3,5-TMB and 1,2,4-TMB accounted for only 2.17%, 2.67% and 4.08% of the total OFPs in the summer, which were the smallest contributions to the total OFPs. Benzene contributed the most to the total concentration while only accounting for 11.7% of the total OFPs. Toluene had the largest contribution to the total OFPs (49.7%), although its contribution to the total concentration was second. M/p-xylene represented 10.9% of the total concentration; however, it accounted for 19.2% of the total OFP. In terms of OFPs, 1,3,5-TMB, 1,2,4-TMB and m/pxylene were the key aromatic species in the spring. Toluene and m/p-xylene were the dominant species of the total ozone formation potential in the summer.
Thus, 1,3,5-TMB and 1,2,4-TMB contributed largest to OFP in the spring, which is the same as the OH loss, indicating that the two compounds needs to be controlled in the spring to reduce the ozone pollution. Toluene played an important role in OH loss and OFP in the summer indicating that toluene is the major pollutant for control in the summer at Mount Lushan. The difference between the OH loss rate and OFP of styrene demonstrated that the L OH does not account for all processes in ozone formation that are included in the calculation of the MIR used to determine OFP. Instead, OH loss provided a measure of the relative contribution of each compound to photochemical reactivity in the daytime .
Source Identification and Influence of Long-Range Transportation on Measured Species
In the summer, the NE direction was dominant, accounting for 46.1% of the total samples; none of the collected samples B e n z e n e T o l u e n e E t h y l b e n z e n e m / p -X y l e n e o -X y l e n e S t y r e n e 1 , 3 , 5 -T M originated from the NW. The SW and SE directions accounted for 23.1% and 30.8% of the total samples, respectively. In spring, the NW was dominant, accounting for 43.75% of the total samples; the SE direction contributed the least, accounting for only 12.5%. The other two directions, i.e., SW and NE, accounted for 25.0% and 18.75% of the total, respectively. As indicated above, the main emission sources may be the traffic sources and solvent use and this will be discussed later. Because different compounds have different photochemical reactivity and emission sources, some of their ratios are frequently used to obtain primary information regarding their sources and transport (Yurdakul et al., 2013) . Studies of vehicular exhaust suggest that the T/B ratio can be widely used to differentiate between vehicular emissions and other combustion sources (Elbir et al., 2007) . Low T/B ratios (< 2.0) have been shown to be indicators of pronounced motor vehicle emissions (Oguz et al., 2003; Elbir et al., 2007) . In this study, the average T/B ratios were 0.80 (ranging from 0.45 to 1.54) and 0.73 (ranging from 0.43-1.86) in the spring and summer, respectively, indicating the strong influence of motor vehicle emissions. Therefore, the main source of pollutants on Mount Lushan may be motor vehicle emissions.
The daily variations in the concentrations of the selected species and TVOC (the sum of the aromatic hydrocarbons and halocarbons) are shown in Fig. 5 . In spring, the m/pxylene, ethylbenzene, 1,3,5-TMB, 1,2,4-TMB, and TVOC concentrations were much higher on March 25, while the concentrations of benzene, toluene and m/p-xylene increased on April 6 and May 8; the toluene concentrations were notably higher. Previous studies have shown that BTEX are important components of vehicular exhaust; benzene is especially related to gasoline-related emissions (Watson et al., 2001; Choi and Ehrman, 2004; Zhang et al., 2014) . The 36-h backward trajectories calculated for these three days are shown in Fig. S5 . The backward trajectories demonstrate that the air masses all originated from the northwest neighboring provinces, containing emission from Henan and Hubei Provinces. 1,3,5-TMB and 1,2,4-TMB are typical tracers used as solvents (Borbon et al., 2002; Guo et al., 2004) . As indicated above, the Lushan Small and Middle Innovation Service Center in the northwest, may contribute to the high levels of the selected species. Tomb-sweeping day (or qingming, April 4-6) and Labor Day (May 1-3), which typically attract many visitors to the scenic area and increase vehicle exhaust emissions, may have also contributed to the higher levels.
In the summer, the concentrations of benzene and toluene were generally higher than those detected in spring, especially on September 21, when the toluene concentration exceeded the benzene concentration. The 36-h backward trajectories for summer are shown in Fig. 6 . None of the sampled air masses originated from the NW. Four air masses were associated with the NE (black lines), three air masses originated from the SE (red lines), two trajectories originated from the SW (green lines) and two air masses were from local sources (on September 13 and 16), originating from the SE and SW, respectively. Only one air mass originated from southern Shandong Province and was subsequently advected through Anhui Province, which are two developed provinces in the vicinity of the study site. The pollutants were transported to the site and resulted in higher toluene concentrations due to the emissions from industrial sources other than gasoline exhaust. The concentrations of the selected compounds were comparable on September 3 and 11; the air masses originated from the same direction, indicating that the concentrations were primarily influenced by long-range transport from northeast on these days. The concentrations of the selected compounds and TVOCs were all comparable on September 11 and 12 because the backward trajectories for these days exhibited similar trends even though they originated from slightly different directions (Fig. 6 ). This result also suggests that long-range transport had a large effect on the observed species concentrations. The air masses on August 17 and 21 were also indicative of long-range transport having a large effect. TVOC and the selected species were generally lower on August 17 because of dilution, which resulted from the air masses being transported through more locations. Specifically, in the summer, benzene and toluene exhibited generally higher concentrations, while the other species exhibited lower concentrations, indicating that the primary sources on Mount Lushan were from traffic and solvent use, which are both related to the rapid development of tourism and its related infrastructure or industry near Mount Lushan.
Chloromethane is typically used as a tracer in biomass/ coal burning (Gao et al., 2005; Barletta et al., 2009; Ling et al., 2011) . Moreover, previous studies have shown that coal combustion can also emit significant amounts of benzene into the atmosphere (Moreira Dos Santos et al., 2004) . Therefore, as the chloromethane concentration increases, the benzene concentration also increases indicating the primary source is biomass/coal burning. However, in this study, the concentrations of benzene and chloromethane did exhibit different variations (Fig. 5) , suggesting that coal/biomass combustion were not the contributions to the measured benzene and chloromethane concentrations. The dominant natural sources of chloromethane and bromomethane are emitted from oceanic processes . As shown in Fig. S3 , the daily concentrations of chloromethane and bromomethane are displayed. The concentration variations for these two compounds were nearly consistent, indicating that most of the chloromethane and bromomethane sampled at the mountain site were probably emitted from the ocean and subsequently transported to the site through atmospheric advection.
CONCLUSIONS
Field measurements of aromatic hydrocarbons and halocarbons were performed during the summer of 2011 and the spring of 2012 on Mount Lushan in southern China, which is an important scenic mountain with an altitude of 1165 m in southern China; the measurements were performed during the summer of 2011 and the spring of 2012. Nine species of aromatic hydrocarbons and thirty halocarbons were measured using GC-MS. Chloromethane, benzene, dichlorodifluoromethane and 1,2,4-trichlorobenzene were the most abundant species during the two seasons.
The OH loss rate (L OH ) and the ozone formation potential (OFP) were used to assess the OH loss and contributions to ozone formation. 1,3,5-TMB, 1,2,4-TMB and styrene were the most important precursors of ozone in the spring while benzene and toluene contributed largest to the photochemical reactivity of the aromatics in the summer at Mount Lushan. The OH loss rates were much higher in the spring than in the summer except for benzene and toluene due to their higher concentrations. OFP was used to estimate the contributions to the total photochemical ozone formation. The key aromatic species were 1,3,5-TMB, 1,2,4-TMB and m/p-xylene in the spring, and toluene and m/p-xylene were the dominant species in ozone formation in the summer.
The T/B ratio was used to identify traffic with other emission sources in this study. The smaller T/B ratios (< 2.0) suggested that motor vehicular emissions may have been the primary pollution source for those compounds. The directions and paths of the 36-h backward trajectories had pronounced effects on the corresponding selected species and total concentrations, indicating that long-range transport (most of the samples except on September 13 and 16) was important in determining the distribution of species collected at the mountain site. Traffic sources and solvent evaporation (higher benzene and toluene concentrations) were the primary sources that affected the concentrations of aromatic hydrocarbons and halocarbons measured on Mount Lushan, and ocean sources (time series of CHCl 3 and CHBr 3 ) also contributed to the halocarbons; biomass/coal burning and local sources (on September 13 and 16) contributed a much smaller portion.
